Background: Suicide is a serious public health concern worldwide, and the fourth leading cause of death in Korea. Few studies have focused on risk factors for suicide attempt among people with suicidal ideation. The aim of the present study was to investigate the risk factors and develop prediction models for suicide attempt among people with suicidal ideation in the Korean population.
on risk factors for suicide attempt among people with suicidal ideation. Previous studies on suicide reported that suicidal ideation and suicide attempt were considered as a combined outcome [8, 9] . In addition, suicidal ideation was related with suicide processes [10] .
Therefore, it could be helpful to understand associated suicide factors from ideation to attempt. The objective of the present study was to investigate the risk factors for suicide attempt among people with suicidal ideation, and develop prediction models for suicide attempt using logistic regression with the risk factors determined for the Korean population.
Methods

Study population
This study was conducted using data from the Korea National Health and Nutrition Examination Survey (KNHANES) conducted during 2007-2012. KNHANES is a nationwide representative survey of the health and nutritional status of the Korean population. The Health and Nutrition Survey division of the Korea Center for Disease Control and Prevention conducts this annual survey using a stratified and multistage probability sampling design to select household units, including noninstitutionalized Korean civilians. As the data collection was performed by highly skilled surveyors and was controlled for quality, the data are considered highly accurate and reliable [11] . All KNHANES participants provided written consent to participate in the survey and for their personal data to be used.
Among the 50,405 subjects, 6358 subjects who were 20 years of age or older had suicidal ideation. After the exclusion of 1065 subjects with missing data or who did not answer questions on suicide attempt, 1567 men and 3726 women were finally included in the present study. The institutional review board of the Yonsei University Health System approved the protocol of this study (No. 4-2016-0872 ).
Variables for suicide attempt
A structured interview about socioeconomic status, physical health, mental health, and health behaviors was performed by trained interviewers. Suicidal ideation and attempt were measured by responses to the following question: "During the past year, have you ever felt that you were willing to die?" Possible answer was never, rarely, yes, or always, and participants answering yes and always were categorized as having symptoms of suicidal ideation. Further, if the respondent indicated having symptoms of suicidal ideation, supplementary questions were asked: "Have you ever attempted suicide(s) in the past year?" These questions are simple but effective for detecting individuals vulnerable to suicide. Thus, previous research on suicidal risk used these questions to demonstrate risk for suicidal ideation and attempt [12, 13] .
In this study, the variables of socioeconomic status for suicide included marital status, household income, living in rural area, employment status, education, and national basic livelihood security. Marital status was categorized as married, single, or divorced/separated/ widowed. Household income was categorized according to quartiles of total income in the household. Living in rural area was based on whether the participant lives in a rural or urban area. Employment status was categorized as unemployed or employed. Education was categorized as above college, high, middle, and below elementary school. National basic livelihood security was defined as participation in a program, in which people who do not have enough income to meet their needs and those of their families in medical aid, housing, education benefits, etc., receive payment from the government. National basic livelihood security was categorized as never, ex-former, and current.
The variables for physical health included obesity, hypertension, diabetes mellitus, dyslipidemia, metabolic syndrome, cancer, daily activity limitation, and menopause. Subjects with one or more cancers of the stomach, liver, lung, colon, cervix, or breast were defined as "major cancer" patients based on their answering "yes" to the question "Were you diagnosed with cancer(s) by a physician? [12] " Daily activity limitation was defined as occurring when participants have limitations in activities of daily living due to health problems (fracture or articular injury, other injury, arthritis or rheumatism, cardiac disorders, pulmonary disorders or asthma, stroke, diabetes, hypertension, neck or back disorders, cancers, oral or dental disorders, ophthalmic disorders, auditory disorders, dementia, depressive, anxiety, or mental disorders, mental retardation, obesity, ageing, etc.).
The variables for mental health included depressive disorder and stress. Depressive disorder was defined by the question "Have you been diagnosed with depressive disorder by a physician?" or whether the participants experienced depressive mood for two or more continuous weeks. Stress was categorized as minimally, moderately, and extremely stressful.
The risk factors of health behaviors relevant for suicide included drinking, smoking, and regular exercise. Drinking was categorized as never, normal, and risky drinking. Risky drinking was defined as drinking more than seven glasses of alcohol twice per week in men and more than five glasses of alcohol twice per week in women. Smoking was categorized as never, ex-former, and current. Regular exercise was categorized as hardly ever, regular moderate, and strenuous (at least three times per week for at least 20 min of aerobic activity at a time) [12] .
Statistical analyses
The characteristics of the participants were reported as means (standard deviation [SD]) for continuous variables, and as numbers (%) for categorical variables. In order to evaluate the association between each of these variables and suicide attempt, an independent samples ttest was performed for each continuous variable and a chi-square test was performed for each categorical variable (Tables 1 and 2 ). Multivariate logistic regression analysis with backward stepwise elimination was also performed to find risk factors for suicide attempt with a threshold of p = 0.05 after gender stratification. Additionally, sub-group analysis, depending on whether participants were under 50 or at least 50 years old (Tables 3  and 4 ), was performed because the mean age in this study population was in the early fifties. Spearman's rank correlation analysis was conducted for correlations between the selected variables by logistic regression analysis (Additional file 1: Tables S1 and S2).
The data set was divided randomly into two independent training and validation groups to test for internal validation. The training group, comprising 70% (1097 men with 79 suicide attempts and 2608 women with 135 suicide attempts) of the entire dataset, was used to construct a logistic regression model. The validation group, comprising 30% (470 men with 27 suicide attempts and 1118 women with 53 suicide attempts) of the entire dataset, was used to assess the performance of the model for suicide attempt. Receiver operating characteristic (ROC) curve and area under the curve (AUC) analysis were executed to verify the performance of logistic regression models for men and women. All statistical analyses were two-sided and executed using SPSS 23.0 (IBM Corp., Armonk, NY). A p-value <0.05 was considered statistically significant. Table 1 lists the demographic and clinical characteristics of the study population in men. In the results of independent samples t-tests and the chi-square tests, suicide attempt was significantly correlated with the nine variables marked with an *, which were height, weight, household income, employment status, education, national basic livelihood security, cancer, daily activity limitation, and depressive disorder. Table 2 lists the demographic and clinical characteristics of the study population in women. Suicide attempt was significantly correlated with the nine variables marked with an *, which were age, household income, national basic livelihood security, daily activity limitation, depressive disorder, stress, drinking, smoking, and regular exercise.
Results
Baseline characteristics
Risk factors and prediction models for suicide attempt among participants with suicidal ideation
In Table 3 , age, education, cancer, and depressive disorder were selected by multivariate logistic regression analysis for men. Age was negatively associated with suicide attempt among all the participants, and younger men were more vulnerable to suicide attempt than older men. When the above college group was used as the reference group, the middle school and below elementary school groups had odds ratios (ORs) of 6.301 (the largest) and 5.803, respectively, but the high school group was not significant. Cancer and depressive disorder had ORs of 2.401 and 3.274, respectively. Age-group differences were observed in men. Educational level and depressive disorder were predictors of suicide attempt in both age-groups. However, daily activity limitation and drinking alcohol were predictors only in the under 50 years old group. Cancer and smoking were predictors only in the over 50 years old group.
In Table 4 , age, education, national basic livelihood security, daily activity limitation, depressive disorder, stress, smoking, and regular exercise were selected for women. Age was negatively associated with suicide attempt, and younger women were more vulnerable to suicide attempt than older women. When the above college group was used as the reference group, the middle school and below elementary school groups had ORs of 2.422 and 3.797 (which was the largest), respectively, but the high school group was not significant, the same as for men. Subjects who received national basic livelihood security at that time had an OR of 1.820. Daily activity limitation and depressive disorder had ORs of 1.641 and 3.099, respectively. Extremely stressful participants had an OR of 3.555. Current smokers had an OR of 2.264. Participants who did strenuous exercise had an OR of 3.430, which was not expected. There were differences in the predictors between age-groups. National basic livelihood security was significantly associated with suicidal attempt among younger-aged women. Daily activity limitation was not a predictor in either age group. Regular exercise level was a predictor only in the over 50 years old group in women.
For both men and women, age, low education level, and depressive disorder were common risk factors for suicide attempt. However, cancer was not significant in women, and national basic livelihood security, daily activity limitation, stress, smoking, and regular exercise were not significant in men. Fig. 1 (a) and (b) demonstrate the performance of our logistic regression models for prediction of suicide attempt in men and women. The AUCs of logistic regression were 0.728 and 0.716, respectively for men and women. 
Discussion
In this study, the constructed multiple logistic regression models determined the risk factors for suicide attempt among people with suicidal ideation. Age, education, cancer, and depressive disorder were selected for men. Age, education, national basic livelihood security, daily activity limitation, depressive disorder, stress, smoking, and regular exercise were selected for women. The logistic regression models effectively predicted suicide attempt from the analysis. These findings could help us understand the nature of suicide for men and women. For both men and women, depressive disorder has a key role in suicide attempt (OR: 3.274 for men and 3.099 for women). These results are in line with those of previous studies. In 2015, the American Foundation for Suicide Prevention indicated depression as a risk factor and a warning sign for suicide [14] . A current report from WHO states that mental disorders, especially depression, are closely related with suicide [15] . The association of depression with suicide may be explained by the bio-mechanisms of the nervous system. Depression patients have disrupted central 5-hydroxytryptamine (5-HT) metabolism, which could result in 5-HT deficiency and serotonergic hypoactivity [16] . This interrupted 5-HT metabolism is also closely related with increased risk of suicide [17] . According to a previous review study, depression is strongly associated with suicide including suicidal behavior [18] . Thus, this study also suggests that depression could increase risk for suicide attempt from suicidal ideation.
This study also demonstrated low education level as the highest risk factor for suicide attempt among those with suicidal ideation for both men (OR: 6.301 for middle school) and women (OR: 3.797 for below elementary school) in Tables 3 and 4 . In a previous multi-nation study, low education level was linked to increased risk for suicide [19] . In addition, short educational duration was significantly linked to suicide in a well-established cohort study [20] . Therefore, more attention should be paid to males and females with suicidal ideation who have low levels of education.
The current investigation suggested gender differences between men and women for risk factors of suicide attempt from ideation. Male participants over 50 years old with a diagnosed cancer showed significant increased risk for suicide attempt. The previous study also reported an approximately two-times higher incidence of suicide in individuals who had a cancer diagnosis than the general population, especially male cancer survivors [20] . It was also reported that increased severity of the cancer was linked to increased suicide risk [21] . Furthermore, there was an increased risk for death by suicide among men with even low-risk cancer [22] .
Female participants with low socio-economic status have a significantly higher number of suicide attempts, especially those who are receiving national basic livelihood security. Low financial status, such that it is difficult to live without a supplementary living allowance, may exacerbate any ongoing deterioration in psychological well-being, and eventually leads to suicidal ideation among older adults in Australia and Korea [23, 24] . Moreover, other research has shown that low socio-economic status characteristics are directly associated with risks of suicide attempt [25] . It is possible that low socio-economic status increased the risk of suicidal ideation for both men and women, but women who suffer from the hardships of life were more vulnerable to suicide attempt than men as shown in our study (OR: 1.820). National basic livelihood security has been considered as a minimum social safety net. Our study could indicate that suicide prevention professionals should pay attention to women under 50 years old who are receiving national basic livelihood security. Therefore, the function and limitations of national basic livelihood security should be improved. Activity limitation in female participants was significantly associated with suicide attempt among those with suicidal ideation. Male participants only under 50 years old with daily activity limitation were vulnerable to suicide attempt. It was reported that limitation in activities of daily living is independently associated with the presence of suicidal ideation, particularly in older people [26] . Moreover, women with severe stress (OR: 3.555) and suicidal ideation were more vulnerable to suicide attempt than men in our study. It is well-known that stress is related to suicide. The previous study also reported that women students showed higher levels of stress and depressive symptoms than men [27] .
Smoking and risky drinking have been identified as risk factors for suicide [28] . A previous study demonstrated that frequent drinking was associated with suicide attempt in females, but not in males [29] . However, not frequent drinking but smoking was a risk factor for women with suicidal ideation in our study. Smoking and risky drinking have been correlated with psychiatric disorders [30] . Women with suicidal ideation and smoking (OR: 2.264) could be more vulnerable to suicide attempt than men. Therefore, more attention needs to be paid to women with suicidal ideation who smoke to prevent suicide. The present study showed among female participants, strenuous exercise was significantly associated with suicide attempt (OR: 3430). This result is different from a previous study and guideline for depressive disorder [31] . Further study and analysis of the relationship between strenuous exercise and suicide attempt are warranted. A previous study about the lifetime prevalence of suicide attempts among people with suicidal ideation either with or without a plan demonstrated that being female, previously married, aged less than 25 years, having low education, and mental disorder significantly increased risks for suicide attempt among people with suicidal ideation [32] . These results, except previously married status, supported our selected risk factors for both males and females in this study. Although the previous study was a cohort study and systematically analyzed, our study demonstrated additional risk factors such as cancer, low socio-economic status, activity limitation, stress, and smoking, which were not included in their previous study. The additional risk factors could be a result of characteristics specific to Korean people. Moreover, our study suggested prediction models for suicide attempt.
This study is limited by the lack of information on death certification. Thus, we investigated the association between suicidal ideation and failed suicide attempt. Second, this was a cross-sectional study, which limits attributions about the direction of causality between some variables, such as smoking, exercise, and stress. Third, there could be uncertainty about the reliability and validity of answers from the questionnaires for suicidal ideation and attempt, because the questionnaires involved sensitive issues. However, questionnaires about suicidal ideation and attempt were considered important tools to screen for the population that is vulnerable to suicide, worldwide. Lastly, we performed the aged subgroup analysis only with cutoff point of 50 age, because of the relatively small number of people with suicide attempts in this study. However, risk factors for suicide attempts could be different for people with cutoff points of 20's and 40's etc.
Conclusions
Suicide is largely preventable with suitable action and plans. According to a WHO report, identifying groups vulnerable to suicide could be helpful to prevent loss of life by suicide [1] . It is important to pay attention to populations with suicidal ideation and several risk factors: age, low education, and depressive disorder, which are applicable to both male and female populations; males with cancer diagnosis; females with low economic status; limitations in activities of daily living; heavy stress; and smoking. Prediction models using the determined risk factors could be useful for early detection of high-risk groups for suicide attempt among people with suicidal ideation. Moreover, it is necessary to develop specific action plans for these high-risk groups to prevent suicide. There was no subject with education above college and suicide attempts Fig. 1 Receiver operating characteristic curves and area under the curve (AUC) for suicide attempt in men (a) and women (b)
